The concept of hesitant triangular intuitionistic fuzzy sets (HTIFSs) presented in this paper is based upon hesitant fuzzy sets and triangular intuitionistic fuzzy numbers (TIFNs). We have developed some hesitant triangular intuitionistic fuzzy aggregation operators and standardized hesitant triangular intuitionistic fuzzy aggregation operators. , the distance measures of hesitant triangular intuitionistic fuzzy sets are given, in order to explore the applications of which we have proposed three methods of multi-attribute decision making (MADM) problems, as well as analysis of the comparison between those methods, thus we give an example to illustrate these methods' applicability and availability.
Introduction
It is hard for decision-makers to find an optimal choice that has the highest degree of satisfaction from a set of alternatives that are characterized in terms of their attributes in some situations, especially when relying on inaccurate, uncertain, or incomplete information. That is what are called MADM problems. So far, there have been two common methods for MADM problems. One way is to gather all the information related to the attributes in the multiple attribute decision making by aggregating operators and to rank the alternatives by the score function; the other way is to select the best alternative by calculating the distance measure between each alternative and the ideal one.
With information given by different environment, different aggregating operators have been proposed, which are being involved in different calculation processes for different decision making environment. In the research process of data information integration, the weighted averaging [4] operator, the ordered weighted averaging [20] operator, the weighted geometric [11] operator and the ordered weighted geometric [5, 18] operator are four common data aggregating operators. As the theory of fuzzy sets have been proposed by Zadeh [21] , Atanassov [1, 2] gave the concept of intuitionistic fuzzy set, after the intuitionistic fuzzy weighted averaging, intuitionistic fuzzy ordered weighted averaging, intuitionistic fuzzy weighted geometric and intuitionistic fuzzy ordered weighted geometric operators were proposed, Torra [12, 13] introduced the concept of hesitant fuzzy set which permitted membership to have a set of possible values in order that the hesitant fuzzy set can reflect the human's hesitant behavior, after which Xia and Xu [16] proposed some operations of hesitant fuzzy set. And Zhao et al. [23] gave hesitant triangular fuzzy information and some aggregating operators like hesitant triangular fuzzy weighted averaging operator, hesitant triangular fuzzy ordered weighted averaging operator, hesitant triangular fuzzy weighted geometric operator, hesitant triangular fuzzy ordered weighted geometric operator to aggregate all the related information for MADM problems.
Distance measure, as an important topic in the fuzzy set theory that has been extensively applied in decision making, is an another method to deal with multi-attribute decision making and has attracted some researchers' interest. Many distance measures of fuzzy set [9] , intuitionistic fuzzy set [17] , intervalvalued fuzzy set [22] and interval-valued intuitionistic fuzzy set [10] have been proposed to solve decision making problems in place of operators, especially the Hamming distance, the Euclidean distance and the Hausdorff metric. Furthermore, Xu and Xia [19] first investigated distance measures of hesitant fuzzy sets. Then Li et al. [7, 8] provided some new distance measures on hesitant fuzzy sets which concluded the values and the number of values in order to overcome some drawbacks of existing distance measures. In addition, Wan et al. [14] gave the distance of TIFNs based on Hausdorff distance. However, For multiattribute decision making, distance measure must satisfy certain conditions, like the ideal alternative discussed earlier. Obviously, the aggregating operators are more extensive than the distance measures in multi-attribute decision making. And both the aggregation operators and the distance measures have to be built in a certain environment, such as intuitionistic fuzzy set, fuzzy environment and so on. In this paper, we give the hesitant triangular intuitionistic fuzzy set based on the hesitant fuzzy set and the triangular intuitionistic fuzzy numbers. Since the intuitionistic fuzzy set is a special case of the triangular intuitionistic fuzzy sets, and the hesitant triangular intuitionistic fuzzy set is the generalization of hesitant intuitionistic fuzzy sets, thus in many practical problems, the information provided by decision makers might hardly be described by intuitionistic fuzzy set. What the researchers could give is merely a set of real numbers on R rather than an exact crisp degree of membership or non-membership. Under such circumstance, we make full use of the triangular intuitionistic fuzzy number and effectively overcome the difficulty. Meanwhile, the hesitant triangular intuitionistic fuzzy set is fit for the case when lots of decision makers provide the data like triangular intuitionistic fuzzy numbers. And inspired by the relative concepts of the aggregation operators and distance measures given by [8] , three methods of the triangular intuitionistic fuzzy set are proposed to apply in MADM problems.
The remainder of the paper is organized as follows: In Section 2, we recall some basic concepts of hesitant sets and distance measures. In Section 3, new distance measures of triangular intuitionistic fuzzy numbers are given. In Section 4, we present the concepts of hesitant triangular intuitionistic fuzzy sets, and then we have developed some hesitant triangular intuitionistic fuzzy aggregation operators, standardized hesitant triangular intuitionistic fuzzy aggregation operators and the distance measures of hesitant triangular intuitionistic fuzzy sets. In Section 5, three methods to MADM problems with hesitant triangular intuitionistic fuzzy information are given based on Section 4. In Section 6, three methods of MADM problems, as well as the analysis of the comparison between these methods have been proposed to illustrate their applicability and availability by an example, and Section 7 comes to the conclusion of this paper.
Preliminaries
Throughout this paper, we use X = {x 1 , x 2 , ...x n } to denote the discourse set, TIFNs, HTIFS and HTIFE stand for triangular intuitionistic fuzzy numbers, hesitant triangular intuitionistic fuzzy set and hesitant triangular intuitionistic fuzzy element, respectively, H represents the set of hesitant triangular intuitionistic fuzzy elements on X, and H(x) denotes the set of HTIFEs on x. Definition 2.1 ([12] ). Let X be a reference fixed set, and E be an HFS given in terms of a function that will return a subset of [0,1] when applied to X.
For convenience, the HFS is often expressed simply by mathematical symbol in Xia and Xu [16] :
where h E (x) is a set of some values in [0,1], denoting the possible membership degree of the element x ∈ X to the set E. The variable h E (x) is denoted as a hesitant fuzzy element. 
Xu and Xia [16] also defined some operations on the HFEs h, h 1 , and h 2 :
Definition 2.3 ([19]
). Let M and N be two hesitant fuzzy sets on X, then the distance measure between M and N is defined as which satisfies the following properties:
Notice that the number of elements in different hesitant fuzzy elements may be different. To operate correctly, Xu and Xia [19] gave the following regulation: the shorter one is extended by adding the minimum value, the maximum value, or any value in it until it has the same length with the longer one. And Li et al. [8] extended the shorter one by adding the minimum value and proposed the concepts of distance measures considering hesitance degree.
Definition 2.4 ([8])
. Let M be a hesitant fuzzy set on X = {x 1 , x 2 , ...x n }, and for any
we call u(h M (x i )) the hesitance degree of h M (x i ), and u(M) the hesitance degree of M.
Definition 2.5 ([8])
. Let {M 1 , M 2 , ..., M m } be a set of HFS on X = {x 1 , x 2 , ..., x n }, then for any M k and M t , k, t = 1, 2, ..., m, the normalized Hamming distance including hesitance degree between M k and M t is defined as
The normalized Euclidean distance including hesitance degree between M k and M t is defined as
The normalized generalized distance including hesitance degree between M k and M t is defined as
where λ > 1 and h
, respectively, and l x i = max q∈I {l(h q (x i ))}, I = {1, 2, ..., m}.
Distance measure of triangular intuitionistic fuzzy numbers
3.1. The definition and operations of TIFNs Definition 3.1 ([3] ). A TIFNã=((a ,a,ā);ωã,uã) is a special IFS on the set R of real numbers, whose membership function and non-membership function are defined as follows:
a−a ωã, if a < x ā, 0, if x < a or x >ā, and
respectively. The values ωã and uã represent the maximum degree of membership and the minimum degree of nonmembership, respectively, such that they satisfy the conditions 0 ωã 1, 0 uã 1, and 0 ωã + uã 1, a ,a,ā ∈ R.
which is called an intuitionistic fuzzy index of an element x inã. It is the degree of the indeterminacy membership of the element x inã. The used arithmetical operations over triangular intuitionistic fuzzy numbers may be shown as follows [6] : ab,āb) ; min{ωã, ωb}, max{uã, ub}), ifã > 0 andb > 0, ((ab, ab,āb); min{ωã, ωb}, max{uã, ub}), ifã < 0 andb > 0, ((āb, ab, ab); min{ωã, ωb}, max{uã, ub}), ifã < 0 andb < 0,
It is proven that the results from multiplication and division are not TIFNs. But we always use TIFNs to express these operational results approximately.
The distance of TIFNs
In [14] , the values of the membership function µã(x) and the non-membership function νã(x) for the TIFNã= ((a ,a,ā) ;ωã,uã) are calculated as follows:
respectively. At the same time, the ambiguities of the membership function µã(x) and the non-membership function νã(x) for the TIFNã=((a ,a,ā);ωã,uã) are calculated as follows:
respectively. Based on the values and ambiguities of TIFNs, we give the following definition. ;ω 2 ,u 2 ) be two TIFNs. The distance between them is defined as follows:
where
, and 0 λ 1. a * and b * are standardized constants.
Remark 3.4. The values of a * and b * depend on the requirement of environment. It concludes two cases: (1) the two numbers' distance of TIFNsã i =((a i ,a i ,ā i );ω i ,u i ) without any scene: a * = b * = max{ā i }; (2) the a * of TIFNs can be embodied in the specific environment and satisfy the condition a * max{ā i }, such as the following example.
Example 3.5. In the final assessment of a class, the distribution of the final examination results of all the students is a TIFNã=((50,70,80),0.6,0.3), the total score is 100, and the students in the class of the usual performance is the TIFNb=((5,7,8),0.6,0.3), the total scores is 10. Then we have a * = 100, b * = 10, and
so the final examination results are consistent with the usual performance. This conclusion is apparent in line with the reality. 
are called the score function and the accuracy function ofã, respectively, where a * is a standardized constant.
For two TIFNsã 1 andã 2 ,
• if s(ã 1 ) < s(ã 2 ), thenã 1 ≺ã 2 ;
So we can compare two score functions and judge the magnitudes of two TIFNs.
Hesitant triangular intuitionistic fuzzy information

Hesitant triangular intuitionistic fuzzy sets
As can be seen from Definition 2.1, hesitant fuzzy set expresses the membership degrees of an element to a given set only by several real numbers between 0 and 1, while in many real-world situations assigning exact values to the membership degrees do not describe properly the imprecise or uncertain decision information. Thus, it seems to be difficult for the decision makers to rely on hesitant fuzzy sets for expressing uncertainty of an element.
To overcome the difficulty associated with expressing uncertainty of an element to a given set, the concept of hesitant triangular intuitionistic fuzzy set is introduced here to let decision makers provide the data like triangular intuitionistic fuzzy numbers based on the concepts of hesitant fuzzy sets and triangular intuitionistic fuzzy numbers. Definition 4.1. Given a fixed set X, a hesitant triangular intuitionistic fuzzy set (HTIFS) on X is in terms of a function that is applied to each x in X and returns a set of some possible triangular intuitionistic fuzzy numbers.
To be easily understood, we express the HTIFS by a mathematical symbol:
whereh E (x) is a set of some possible triangular intuitionistic fuzzy numbers, denoting the possible membership degrees of the element x ∈ X to the set E. For convenience, we callh
.., l(h )) a hesitant triangular intuitionistic fuzzy element (HTIFE)(l(h ) is the length of HTIFE) and E the set of all HTIFEs. 2)} be the HTIFEs of x i (i = 1, 2) to a set E. E can be considered an HTIFS, and can be denoted as follows: 
Some aggregating operators with hesitant triangular intuitionistic fuzzy information
;ω j ,u j ) be two HTIFEs and λ > 0, the operations are given as follows:
For comparing two HTIFEs, we give the score function as follows:
..,l(h)) be an HTIFE and
be the score function of h , where l(h ) is the number of the triangular intuitionistic fuzzy values inh , and a * is the standardized constant. For two HTIFEs h 1 and
Based on the operational principle for HTIFEs, we develop the hesitant triangular intuitionistic fuzzy weighted averaging (HTIFWA) operator and hesitant triangular intuitionistic fuzzy ordered weighted averaging (HTIFOWA) operator.
.., n) be a collection of HTIFEs. Let HTIFWA:
where Ω is the set of all HTIFEs, w j is the weight ofh j satisfying that w j ∈ [0, 1] (j = 1, 2, ..., n) and n j=1 w j = 1.
where Ω is the set of all HTIFEs, w j is the weight ofh j satisfying that w j ∈ [0, 1] (j = 1, 2, ..., n) and
In the following, we propose the hesitant triangular intuitionistic fuzzy weighted geometric (HTIFWG) operator and hesitant triangular intuitionistic fuzzy ordered weighted geometric (HTIFOWG) operator. Definition 4.7. Leth j = i ((a ij , a ij ,ā ij ); ω ij , u ij ) (j = 1, 2, ..., n) be a collection of HTIFEs with a j > 0. Let HTIFWG:
.., n) be a collection of HTIFEs with a j > 0. Let HTIFWG:
We can aggregate hesitant triangular intuitionistic fuzzy information by Definitions 4.5, 4.6, 4.7, 4.8.
Some aggregating operators with the standardized hesitant triangular intuitionistic fuzzy information
Based on TIFNs and the (3.1) and (3.2), we give the following definition.
Definition 4.9.
be the values of the membership degree and the non-membership degree of the HTIFE. Then we callH
is the length of the standardized HTIFE), and E = {< x,H E(x) > |x ∈ X} the standardized HTIFS. For convenience, we call it S-HTIFS for short. 
Given two standardized HTIFEsÃ
bj ) * } and λ > 0, inspired by the operations of hesitant fuzzy set [12] , we give the following operations:
(
)}. 
Definition 4.11. For a standardized HTIFEH
Based on the above operations for the standardized HTIFEs, we also introduce the standardized hesitant triangular fuzzy weighted averaging (S-HTIFWA) operator, the standardized hesitant triangular fuzzy ordered weighted averaging (S-HTIFOWA) operator, the standardized hesitant triangular fuzzy weighted geometric (S-HTIFWG) operator and the standardized hesitant triangular fuzzy ordered weighted geometric (S-HTIFOWG) operator. Definition 4.12. LetH j = i {(µ * (ã ij ) , ν * (ã ij ) )} be the standardized HTIFE. The standardized hesitant triangular fuzzy weighted averaging operator is a mapping Ω n → Ω such that
where Ω is the set of all HTIFEs, w j is the weight vector ofH j , and w j ∈ [0, 1](j = 1, 2, ..., n),
)} be the standardized HTIFE. The standardized hesitant triangular fuzzy ordered weighted averaging operator of dimension n is a mapping Ω n → Ω, that has an associated weight vector w = (w 1 , w 2 , ...w n ) T such that w j > 0 and n j=1 w j = 1. Furthermore,
where (σ(i1), σ(i2), ..., σ(in)) is a permutation of (1, 2, . .., n), such thatH (j) H (j+1) for all j = 1, 2, ..., n − 1.
Definition 4.14. LetH j = i {(µ * (ã ij ) , ν * (ã ij ) )} be the standardized HTIFE. The standardized hesitant triangular fuzzy weighted geometric operator is a mapping Ω n → Ω such that
where Ω is the set of all HTIFEs, w j is the weight vector ofH j , and w j ∈ [0, 1](j = 1, 2, ..., n), n j=1 w j = 1.
)} be the standardized HTIFE. The standardized hesitant triangular fuzzy ordered weighted geometric operator of dimension n is a mapping Ω n → Ω, that has an associated weight vector w = (w 1 , w 2 , ...w n ) T such that w j > 0 and n j=1 w j = 1. Furthermore,
where (σ(i1), σ(i2), ..., σ(in)) is a permutation of (1, 2, ..., n), such thatH (j) H (j+1) for all j = 1, 2, ..., n − 1.
The distance measure of hesitant triangular intuitionistic fuzzy sets
In order to improve the distance measure of hesitant fuzzy sets, Li et al. [8] gave the hesitance degree of hesitant fuzzy set. Similarly, we give the hesitance degree of hesitant triangular intuitionistic fuzzy set.
Definition 4.16.
Let h be a hesitant triangular intuitionistic fuzzy set on X = {x 1 , x 2 , ...x n }, and for any x i ∈ X, l(h (x i )) be the length of h (x i ). Denote
,
where u(h (x i )) is the hesitance degree of h (x i ), and u(h ) the hesitance degree of h , respectively.
For the number of elements of a HTIFE, we denote l(h E(x) ) as the number of elements. When l(h P(x) ) = l(h Q(x) ) with two HTIFEs h P(x) and h Q(x) , we add the shorter one with some values. The problem is how to select the value. We give a method as follows:
For a HTIFE h E (x) = {ã 1 ,ã 2 , ...,ã n } (ã i = ((a i , a i ,ā i ); ω i , u i )),ã n+i = α 1ã1 + α 2ã2 + ... + α nãn is the added one for the shorter HTIFE, where α 1 , α 2 , ..., α n are the weight ofã 1 ,ã 2 , ...,ã n , respectively, i = 1, 2, ..., α 1 + α 2 + ... + α n = 1. When α 1 = α 2 = ... = α n = 1 n ,ã n+i =ã 1 +ã 2 +...+ã n n . Obviously, the added value of a HTIFS depends on the existing HTIFEs. In [8, 19] , the added one of a HFS depends on the decision makers' risk preferences and the decision makers always hold a pessimistic attitude subjectively, the method is more objective than that of [8, 19] . On the other hand, as the information of HTIFEs is given by decision makers, the weights can reflect the importance of different decision makers in decision making problem.
Based on Definitions 3.3, 4.1, and 4.16, we give some distances of HTIFSs in the following.
Definition 4.17.
Let h k , h t be two HTIFSs on X = {x 1 , x 2 , ...x n } and
be two HTIFEs, where k, t = 1, 2, ..., m, then the distance is defined as
) are the jth values in h k (x j ) and h t (x j ), respectively, a * and b * are standardized constants.
We give an example to illustrate the calculating process of d hth : to extend the shorter HTIFE, we can obtain 
) be two HTIFEs, k, t = 1, 2, ..., m, then the distance measure is defined as
Definition 4.20.
Let h k and h t be two hesitant triangular intuitionistic fuzzy sets on X = {x 1 , x 2 , ..., x n }, then the distance measure between h k and h t is defined as d(h k , h t ), which satisfies the following properties: Obviously, when
This completes the proof.
Proof. Now we give the proof of the case d phth . Assume
are three HTIFS, as
And the proof of the case d hth is similar to that of d phth .
Next, we consider both the different preferences between the influences of the hesitance degree and the values and ambiguities of TIFNs and the weight of each element x ∈ X, then the weighted distance measure with preferences is given as follows:
) be two HTIFEs, k, t = 1, 2, ..., m, then the distance is defined as
Theorem 4.24. d wphth is a distance measure.
Proof. Based on Theorem 4.21, it is obvious.
Several methods to MADM problems with hesitant triangular intuitionistic fuzzy information
The traditional aggregation operations and the distance measures are of great use in MADM problems. In this section, we give three methods to MADM problems with hesitant triangular intuitionistic fuzzy information. The following assumptions are used to represent the MADM problems for potential evaluation of emerging technology commercialization with hesitant triangular intuitionistic fuzzy information. For a multiple decision making problem with hesitant triangular intuitionistic fuzzy information, let X = (X 1 , X 2 , ..., X m ) be a discrete set of alternatives, and let G = (G 1 , G 2 , . .., G n ) be a finite set of attributes, ω = (ω 1 , ω 2 , ..., ω n ) T is the weighting vector of the attribute G j (j = 1, 2, ..., n), where ω j ∈ [0, 1], n j=1 ω j = 1. If the decision makers provide several triangular intuitionistic fuzzy values for the alternative X i under the attribute G j , these values can be regarded as hesitant triangular intuitionistic fuzzy elementh (ij) . Suppose that H=(h (ij) ) mn is the hesitant triangular intuitionistic fuzzy decision matrix. Now we present three methods to the MADM problems with hesitant triangular intuitionistic fuzzy information as follows:
Step 1. We utilize the decision information given in matrix H, and the HTIFWA (4.1), HTIFWG (4.3), HTIFOWA (4.2) and HTIFOWG (4.4) operators to aggregate the hesitant triangular intuitionistic fuzzy elementsh i (i = 1, 2, ..., m) of the alternative X i .
Step 2. Calculate the scores S(h i ) of the hesitant triangular intuitionistic fuzzy elementsh i (i = 1, 2, ..., m) of the alternative X i by Definition 4.4.
Step 3. Rank all the alternatives X i (i = 1, 2, ..., m) based on the rank ofh i and select the best one(s).
Step 4. End.
METHOD 2.
Step 1. We calculate the values of the membership degree and the non-membership degree of every triangular intuitionistic number of the HTIFEs µ * (ã i ) and ν * (ã i ) , respectively. Then we can obtain the standardized hesitant triangular intuitionistic fuzzy information matrix H by usingH
Step 2. We utilize the decision information given in matrix H , and the S-HTIFWA (4.5), S-HTIFWG (4.7), S-HTIFOWA (4.6) and S-HTIFOWG (4.8) operators to aggregate the hesitant triangular intuitionistic fuzzy elementsH i (i = 1, 2, ..., m) of the alternative X i .
Step 3. Calculate the scores S(H i ) of the hesitant triangular intuitionistic fuzzy elementsH i (i = 1, 2, ..., m) of the alternative X i by Definition 4.9.
Step 4. Rank all the alternatives X i (i = 1, 2, ..., m) based on the rank ofH i and select the best one(s).
Step 5. End.
METHOD 3.
Step 1. We can use the equation
to calculate the distance measure d i between the ideal alterative and the alterative X i based on Definition 4.23.
Step 2. Rank all the alteratives X i (i = 1, 2, ..., m) based on the rank ofH i and select the best one(s) based on the distance measure d i .
Step 3. End.
Numerical example
Thus, in this section we present a numerical example for supplier selection in supply chain management problems with hesitant triangular intuitionistic fuzzy information in order to illustrate the methods proposed in this paper. Let us suppose there are four alternatives (prospect supplier) X i (i = 1, 2, 3, 4) for three attributes G j (j = 1, 2, 3) with product quality (G 1 ), service (G 2 ), ad price (G 3 ). And the hesitant triangular intuitionistic fuzzy information matrix is shown in Table 1 . 
METHOD 1.
Step 1. We utilize the decision information given in matrix H, and the HTIFWA (4.1) and HTIFWG Step 2 and Step 3. Calculate the scores S(h i ) of the hesitant triangular intuitionistic fuzzy elements h i (i = 1, 2, ..., m) of the alternative X i by Definition 4.4. Rank all the alternatives X i (i = 1, 2, ..., m) based on the rank ofh i . The results are listed as Table 2 . Step 1. We calculate the values of the membership degree and the non-membership degree of every triangular intuitionistic number of the HTIFEs µ * (ã i ) and ν * (ã i ) , respectively. Then we can obtain the standardized hesitant triangular intuitionistic fuzzy information matrix H as Table 3 . Step 2. We utilize the decision information given in matrix H', and the S-HTIFWA (4.5) and S-HTIFWG (4.7) operators to aggregate the hesitant triangular intuitionistic fuzzy elementsH i (i = 1, 2, ..., m) of the alternative X i . Take A 4 for an example, we have Step 3 and Step 4. Calculate the scores S(H i ) of the hesitant triangular intuitionistic fuzzy elements H i (i = 1, 2, ..., m) of the alternative X i by Definition 4.9. Rank all the alternatives X i (i = 1, 2, ..., m) based on the rank ofH i and select the best one(s). The results are listed as Table 4 . 
METHOD 3.
Suppose that the ideal alternative is the hesitant triangular intuitionistic fuzzy number E * = {((10, 10, 10); 1, 0), ((10, 10, 10); 1, 0), ((10, 10, 10); 1, 0)}, which is seen as a special HTIFS. Then, we can select the best alternative by calculating the distance between each alternative and the ideal alternative. And we utilize the distance measure to select the most desirable supplier. In order to facilitate the analysis, we adopt parameters λ = 0.5 and α = 0, 0.01, 0.1, 0.5, 0.9. The results are listed as Table 5 . It is worth mentioning that Method 1 is simple and effective under hesitant triangular intuitionistic fuzzy environments, and the key to this approach lies in the expression of the distance measure d wphth . Inspired by Li et al. [8] , the distance measure not only takes the hesitance degree, the values and ambiguities of TIFNs into account, but also considers the different preferences of the decision makers. In other words, we extend the distance measure from hesitant fuzzy sets to hesitant triangular intuitionistic fuzzy sets, thus, we can deal with the situations without giving properly the imprecise or uncertain decision information in the real-world environments assigning exact values. On the other hand, the distance measure, what considers the effect of the hesitance degree of HTIFS, is meaningful. When α = 0, the results and the rankings are almost different from that of α = 0.01, 0.1, 0.5, 0.9, for example, with the increase of parameter α, A Table 5 . Besides, the parameter λ have a great effect on the results and rankings, we give the case of α = 0.5 and α = 0.1, 0.3, 0.7, 0.9 in Table 6 . Obviously, as the parameter λ changes, the results and rankings are different. From the results of Method 1 or Method 2, it is easily seen that the rankings of the alternatives are the same by using two operators respectively. And the overall rankings of alternatives are slightly different between Method 1 and Method 2, and the optimal alternative is A 1 . For the Method 3, the rankings of alternatives depend on the select of the parameter λ, which represents the preference of the hesitant degree and the membership values. As a whole, the three methods are basically coincident. When λ = 0.01, the ranking of these three methods have little difference, and the most desirable supplier is A 1 . This shows that these three methods are feasible and practical.
Analysis of three methods
These three methods are used to solve the problem of multiple attribute decision making based on the triangular intuitionistic fuzzy information. In order to have a good knowledge of these methods, we give some analysis and description:
1. The scope of the above three methods is different. In terms of the first method, since the operation law of the triangular intuitionistic fuzzy numbersã andb in Definition 3.2 is different from the sign (positive, negative) ofã andb, the aggregation operators HTIFWG and HTIFOWG are required to ensure that the value a of the hesitant triangular fuzzy elementã = ((a, a,ā); ω, u) is positive. After that we can handle the decision making information to solve the problem. For the other two methods, the valueã is free without restrictive condition. In other words, the last two methods are more widely used than the first one. As a matter of fact, the sign (positive, negative) a in the triangular intuitionistic
